According to Aristotle the material world was composed of four elements: earth, air, fire and water, a philosophy which contributes little to our modern chemistry but which speaks of divisions as true today as they were then. The rocks and minerals in the lithosphere of our planet are the 'earth' and almost all of them are siliceous. Silica and the silicates constitute about 87% of the earth's crust
and their major components silicon and oxygen are the two most abundant elements in it. As a result silica is ubiquitous, not just as a mineral under our feet, but through comminution and lofting as part of the air we breathe. Even far away from civilisation the air contains millions of silica or silicate particles per cubic metre. Silica inhalation cannot be avoided and submicron particles go deep into the lungs as far as the alveoli where they can cause damage. Most of the particles that reach the alveoli are cleared by alveolar macrophages, but some of the inhaled silica remains and we take it to our grave. However, low ambient levels of silica do not seem to do us any harm even though this background exposure results in a lung silica content at death of 0.1-0.2% of dried tissue. The lack of obvious effect is not surprising since not only have we evolved on a siliceous planet but today most of us live in a built environment largely composed of silica and silica-containing materials. However, occupationally there are many jobs where people are subject to much higher exposure, exposure high enough to cause disease. Such exposure can result in a lung burden 10-15 times higher than background and levels can be as high as 20% of the dry lung weight. The history of occupational exposure and its dangers goes back a long way. Roman slaves knew that to be put to work in the mines was a death sentence.
Ramazzini's book on occupational diseases published in 1700 has a chapter on diseases of stone cutters. The medical literature contains reports of other historical groups among whom silicosis was rife and an early death common : the cutlery grinders from Sheffield and the flint knappers of Brandon are just two.
Silica in the lungs can produce the disease silicosis but for a great many years there has been debate over whether it can also cause cancer. Some people have argued that lung cancer only occurs in the presence of silicosis while others say that pre-existing disease is not necessary for the formation of a tumour. Certainly it is well established that the risk of lung cancer in those with silicosis is more than double that of those without the disease. The papers in this special issue result from a meeting in London in June 1998 at which various experts gave their views on the subject. Some of these experts had been on the IARC working party whose deliberations prompted the meeting. At the end of the day, the only conclusion that I could reach was that there is still no consensus. Most of the papers presented at the London meeting are presented here and the reader must decide which side of the argument is the most persuasive. Certainly the debate is not closed and work is still in progress to add weight to one side of the argument or the other.
In 1997 the International Agency for Research on Cancer (IARC), which has its headquarters in Lyon, announced that crystalline silica inhaled in the form of quartz or cristobalite from occupational sources is carcinogenic to humans. This announcement was intended to settle the argument. However, the report has proved to be controversial and the argument continues.
The IARC approach to classifying possible carcinogenic agents is to appoint a working party of experts who are given a detailed brief and told the object and limitations of their discussion. They then examine the literature on the subject and on this basis plus their experience decide whether the material needs to be classified as a carcinogen or not and if so what the classification should be. IARC classifies agents into one of five categories: 1, 2A, 2B, 3 and 4. Group 1 pertains to agents, which can be single compounds or mixtures, and are carcinogenic to humans while group 4 agents are probably not carcinogenic to humans. The intermediate grades are defined with varying degrees of doubt. IARC do not consider other health effects than cancer. Category 1 is used when, in the opinion of an IARC working party, there is sufficient evidence of carcinogenicity in humans. The words used are very important, sufficient evidence is taken to mean that the working party considers that a causal relationship has been established between the agent, mixture or exposure circumstances and human cancer. The recent report classifies silica as a group 1 agent. IARC publish their findings in monographs which give details of their deliberations and the scientific background which supports it. While these are presented to assist national authorities in making risk assessments and formulating decisions regarding preventative measures they are intended first and foremost as scientific, qualitative judgements based on the evidence. They do not make recommendations with regard to regulation or legislation leaving that to the responsibility of individual governments and/or other international organisations. Their decisions are not carved in tablets of stone. If new evidence appears or, where for other reasons it is felt necessary, agents are re-evaluated although this exercise seems in practice to harden up previous decisions rather than exonerate materials. Crystalline silica had been examined previously in the 1987 monographs (volume 42 and supplement 7) which then found limited evidence for cancer in humans but sufficient evidence for cancer in experimental animals. This form of words resulted in a 2A classification. In addition they published a book in 1990 as one of their scientific publications series (No. 97) called Occupational Exposure to Silica and Cancer Risk. This reported the findings of a study group activated by the 1987 reports who produced new epidemiological information on some of the less investigated aspects of the problem.
An answer to the question is important since the scale of use of silica-containing materials is huge with billions of tonnes of aggregate and crushed rock used annually throughout the world. Many people are potentially exposed in the raw materials industries and more are exposed through mining and tunnelling. During its deliberations IARC looked at more studies on workers involved in ore-mining than any other exposure. Seventeen studies were considered although some of these also involved exposure to other known lung carcinogens such as radon or arsenic or miners were exposed to other suspect agents such as diesel exhaust fumes. Six studies were considered of workers exposed in quarries and granite works and there were other exposure studies in industries using silica-containing materials including the ceramics industry, potteries, refractory brick and diatomaceous earth industries. Iron and steel foundries use a lot of silica particularly for making moulds and cores but also silica flour as a parting powder. Many foundry workers are exposed to silica dust from those who set up the moulds to the knockers out and fettlers who clean up the final product.
Although a large number of studies was examined from various occupational groups the working party concentrated on those with the least confounding. This was necessary to answer the question whether silica alone could cause cancer. A major confounder would have been the presence of existing disease. Under their terms of reference the working party were explicitly not allowed to discuss any conclusion reached from a study of registered silicotics. To have included this group in the survey would have distorted the result as it is known that people with silicosis have a substantially increased risk of lung cancer. Another important confounder is the effect of cigarette smoking. Many of those with lung cancer today worked at a time when smoking was common, say in the late fifties.
Smoking as a confounder is a major problem for epidemiologists and one which has not always been properly considered in past studies. Where possible allowance was made for this. The final conclusion from the survey of the epidemiological studies was that there was little excess of lung cancer in mining and quarrying but there may be excess in the manufacturing industries, notably those which entail high temperature processes.
It is worth looking at the latest 1997 assessment in some detail because the wording of it is not so straightforward as that used by IARC for most other agents. It is unusual for IARC to be as prescriptive when assessing a compound as it was for crystalline silica and the detaiis of the wording reflect the fact that the decision to reclassify it from group 2A into group 1 was far from unanimous. I understand that a decision was only reached by the work-ing party, and then by one vote, because additions to a proposed simpler form of words were made. In addition there was a rider added to the assessment which was that 'The exposure circumstance entails exposures that are carcinogenic to humans', the common-sense approach that it must be possible for someone to be exposed to sufficient of the agent to produce disease.
IARC have presented their report. What happens now depends largely on official reaction. In the EU the principle of subsidiarity will affect how each member state reacts. However, because of the wording of the report and the way in which its decisions were reached there is little doubt that here at least there will be intense lobbying to prevent any considerable changes in present legislation as a result of it. It will be argued that we should be wary of the decision for a number of reasons. Principally, epidemiology is not an exact science. How 'good' it is depends on how good is the data it uses. There is also the very basic point that epidemiology alone can never prove causation, only association. In spite of this, past evidence shows that an IARC evaluation and classification does produce regulatory concerns and affects the deliberations of the regulators. There is already evidence that the administrators are starting to move.
Before the panic starts there are a number of points which have to be noted. Firstly the evaluation refers only to crystalline silica, and then only to the two commonest polymorphs -cristobalite and quartz. This is not a let-out; for all practical purposes these are the only two polymorphs to which people are likely to be occupationally exposed. Most crystalline silica found naturally is in the form of quartz while material that has been fired will contain varying amounts of cristobalite. Secondly, the silica has to be inhalable. This effectively defines a particle size range, gives a route of entry into the body and specifies the lung as a target organ. The third caveat was that the exposure has to be occupational. There are a few reports in the literature of silicosis from ambient exposure among peoples living in dry dusty areas such as deserts and high in the Himalayas, but otherwise it is occupational exposure that results in disease. Normally such rare exceptions would not have been noted in the final deliberations.
There had to be a reason for IARC spelling out so definitely the limitations of its conclusion. Possibly, with a flash of insight, they realised that if they did not they could be held responsible for 'shock, horror' headlines in the tabloid press warning us that it was no longer safe to go on the beach.
